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COMPOUNDS CROSSLINKABLE BY PHOTON IRRADIATION 



/7i \ THOMSON-CSF a French Body Corporate, of 173, Boulevard Haussmann - 

KS.'?«bii r[:.sarss«s:rpC3.rty .•<"••'<». « 

insolubility in developer solvents. , . . 15 

. „ bj a "spISi" tonulninf boih a polyn.r haying a ciosslinkaWe «itit> and a 
'*?S'g "SCl?;o ttn"!?nT,agZlc<,n.posWonH.giv.n ^ 
20 pho,on taallatlon a, a ™.en8.h of 404.7 nm) tor Ite re.ln KPR (a 

ring: 
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wherein said polymer contains at least one monoiber formed by a 2,3-epithiopropyI acrylate 
or alkyl acrylate corresponding lo-the formula: \ 



45 



2 
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CH^ 



CH^ - CH - CH« 



10 wherein R is selected from an alkyl group of 1 to 4 carbon atoms and hydrogen. 10 
According to one aspect of the invention, the above monomer is copolymerized with a vinyl 
monomer corresponding to the formula: 



15 



20 



25 



R' 
1 

^-O-R" 
O 

in which R' is either a radical H or an alkyl group Cn Hjn+t where n is an integer from 1 to 10, 
R" being an alkyl group containing from 1 to 5 carbon atoms. 

According to another aspect of the invention, said compounds additionally comprise at 
least one of the following two salts; 

an aryl diazonium salt corresponding to the general formula: 



15 



20 



25 



30 



and an aryl iodonium salt corresponding to the formula; 



CD 



30 



35 



40 



^1 " C^5n - "^2 



(2) 
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40 
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50 



where n = 0 or 1. 
In these formulae: 

- the substituent A denotes a radical or a plurality of radicals such as: 



OH 



- CHO 



NOr 



45 



50 



- the letters a and b denote integers from 1 to 5; 

- the element M is a metal such as Fe» Sn, Sb or Bi or another element such as B, P, As; 

55 - X denotes a halogen atom, such as F or Q; 55 

- Ti and Tj denote aromatic radicals (which may be identical) containing from 4 to 20 
carbon atoms (phenyl, thienyl, furanyl, pyrazolyl); 

- Y denotes a radical of the following group: ^ 

60 = oTc = O ; D = S = O, 60 

Rs - N (with R3 = H or an alkyl or acyl radical or a C-C bond); 

Ri -C - R2 (where Rj and R2 represent identical or different radicals such as H or a C1-4- 
65 alkyl radical or a C2-4 -alkenyl radical). 65 
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Thecopolymerof23-epithiopropylmethaco'lateandthevin>1m 
^Gtyddyi methacrylate corresponding to the formula: 



5 



5 



CH- 



CHg = C 



is reacted with thiourea corresponding to the formula: 
15 Hz N - C - N 

S 



C - 0 - CHj - CH - CHg 10 



15 



20 



at ambient temperature in a mixture of water and^^^^^^^^^^ The reaction gives 2.3- 
epithiopropyl methacrylate correspondmg to the formula. 20 



CH, 



C - 0 - CH„ - CH - CH2 25 

25 II ^ \ / 



30 



^^<„.,^A i«ifh f'ther The solution is dried with sodium sulphate. The 
This compound ,s e«ra_ctcd vvuh ^I'^^/^/j;^ distilled in vacuo. 30 

ether is removed ui vacuo a"0,Vi ,if,TSLd is mixed in a solvem with a vinyl monomer 
The epithiopropyl "»«''?«"yl'*f^„^'fof weight, the solvent being e b. 

the weightof the former being ^0 to61^^ j j f„ ^^,^5 (see Example ll- 

Kl-U?btfy3S^^^^^ 

followed by drying in vacuo. methacrylate or ethyl acrylate. 

K Tht'^ane descr^ption^and examples 

40 which in particular define a process for ^esm. 
In the formula of the diazonmm salt, the ion. 

( M Xot.)*" 

^^^SlrdTet^^e'/n^h^^r^^^^^^ ^^^'^^ - 

and the element M which a=f P« t|;,^„''*=^'i°"iP*j'e„dency which results from the more 55 
55 The formation of » complex hav.ng an lomc ^^^'^^P^J^f enables the opening ..f 

lrrThUr^at™ot^rnidI^^^^^ "^Srtt a cationic croslinRing reaction: 
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UX^ + c 



c 

\ 



(3) 



10 



10 



15 



20 



40 



45 



r II '11 

20 

The phase (3) is the initiation phase; the phase (4) is the propagation phase. 
Since the thiirane ring is not (or only slightly) affected by agents forming free radicals, but is 
hiehlv sensitive to ion attacks, the radiation dose required for crosslinking the thiirane 
25 resins in the presence of Lewis acids is lower than when they are irradiated on their own. 25 
The photocrosslinking of the compounds according to the invention is a reaction of the 
initiated type because, once the degradation of the photoinitiators (aryl diazonium or aryl 
iodonium salts) has been initiated, i.e. after formation of the Lewis acids, irradiation may be 
stopped and the crosslinking reaction may continue in the absence of irradiation hke any 
30 polymerisation reaction initiated by Lewis acids. o 

Although the resins according to the invention used on their own can only be sensitised in a 
narrow spectral region, the addition of the above-mentioned photoinitiators not only enables 
sensitivity to be increased, it also enables the spectral sensitivity range to be widened by 
extending it in some cases into the range of visible hght. , 
35 Thus, by acting on the substituent of the aryl group in the case of the aryl diazonium salts, 35 
the absorption range is displaced towards the visible. For example, with a substituent such as 
a halogen atom or an alkyl radical, a slight displacement is obtained towards the major 
wavelengths (up to 273 nm for the substituent CI). This displacement becomes very consider- 
able when groups containing non-binding electrons, such as 



- OH ; - NHo ; - CHO ; - NOg ; " 
are substituted 



45 



In order to obtain sensitisation in the region of visible light, it is necessary for example to 
add to the above-mentioned products so-called "photo-optical'* products which serve to 
sensitise the photoinitiators (for example the aryl diazonium ^nd aryl lodonium salts) In 
50 ceneral sensitisation is obtained by the transfer of energy from the "triplet state of the 
fensitiser (donor) to the ''triplet*' state of the initiator (acceptor), photodegradation taking 

place under the effect of this input of energy. _ ^ . ic u * *• i" 

Depending upon the required spectral region of sensitisation, the photo-optical pro- 

ducts may belong to various families of dyes, provided that these dyes do not destroy the 
55 Lewis acids formed during the initiation phase and that their energy levels are adapted to 
those of the photoinitiators used so as to provide for an effective transfer of energy. 

The dyes in question include, for example, coumarms. xanthenes, acridines, thiopyromnes, 
safranines, thiazines, oxazines, cyanines (carbocyanines, oxacyanines, thiacyanmes), col- 
oured polycyclic aromatic hydrocarbons and. finally, compounds contamingpara-substituted 

^'^ArSio^e^d above, the compounds according to the invention may be crosslinked by 
ionising radiation, such as X-radiation or gamma radiation. Their sensitivities to radiation 6f 
this type are approximately ten times higher than those of the <^«^f P^^ding epoxy resi^, for 
example 80 J/ cm' as opposed to 740 J/ cm' for an irradiation wavelength of 8.34 Angstroms. 
65 rthe case of irradiation bv soft X-rays (spectral region where the photo-electrical 65 



50 



55 
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5 



absorption is preponderant over the Compton diffusion), for example for photons with 
energy levels of from about 0.1 to 10 KeV, it is possible to increase the sensitivity of the 
compounds according to the invention to excess in relation to that of epoxy resins by 
increasing their coefficient of absorption to the X-rays by optimisation of the irradiation 

5 waveleneth. as explained hereinafter. ... t 

It is known that the sensitivity of a resin to radiation depends upon the energy of the 
incident Jhotons which it absorbs. Its so-caUed ••X-photoelectric" absorption coefficient « a 
weightecf sum of the absorption coefficients of the various atomic species by which it w 
formed These coefficients increase with the incident wavelength (proportionally to the third 

10 n^wer) and w^^^^^^ atomic number of the absorbent (proportion a Uy to the fourth power) 10 
between ?heXontinuities which characterise the photoelectric absorption These discon- 
tinuities which correspond to the ionisation potentials of the various energy levels are 

''tatrdS'io?Se 2nSy of the compounds according to the invention to soU 
15 X-ravs the wavelS of the X-rays is selected lor example in the spectra region situated 15 
bevond a diSinufty of oxygen and within one of the folfowing discontinuities of sulphur. 

TWs is the^ise b^ ween the wavelengths of 76.05 Angstroms tdiscontinuity Lu of sulphur) 
and 23 30 Angstroms (discontinuity K of oxygen) where the absorption coefficient of^Iphur 
fs resD^tivclv f rom? to 20 times g/eater than that of oxygen, although these twp coefficients 

stroml^KbsStion coefficient of oxygen becoming greater than that of sulphur at longer 
Seneths 0 c^Vespectivelv 55 700 and 24 900 cm"^ at 109 Angstroms) 

TSllowing table gives t^ie absorption coefficients of the oxygen and sulphur atoms for 
certafn Seng hs (or photon energy levels) situated in the range favourable to an increase 
25 in seSuyofthe compounds according to the invention, the wavelengths selected being 25 
those of the lines of various atoms emitting in the region in question. 

\(A) E{KeV) Namreof ficxm-h /*s(c«rl) ms/* 
30 the line " 30 

emitted 



35 



lli a452 Ti "- i062 37943 18.95 35 

.3 1 .4 0.395 T i - L , 

31.6 0.392 N - K 



1368 


26931 


19.7 


2002 


37943 


1S.95 


2825 


50798 


18-0 


2881 


51605 


17:9 


6890 


99236 


14.4 


13247 


126601 


9.6 


16587 


144465 


8.7 


18844 


153553 


8.15 


21842 


165145 


7.6 



44.7 0.277 C - Ka 

40 ■ 64^ 0.191 £" 16587 144465 8.7 40 

67.6 0.183 B - • 
72.2 0.172 Nb - M; 

i« th^ flhnv^* mentioned region the use of photo-initiators such as the complex aryl 
45 diazolm a^d S ^cSc^iut^ ""its ^ the'^sensitivitv of the compounds conja Wng a 45 
?Se ring to be increased, the X or gamma photons initiating the degradation of these salts 

InSuionln ISJ^Igton ofTS^ soft X-rays where the photoelectric absorption is prepon- 
derant the choice of L photoinitiator. particularly the dioice of the elememt i„ he 
50 general formula of the complex salt, enables the sensitivity of the compound according to the 50 

n hknow n'thaTr^^^^^^^^^^ between radiation and sensitive 

resVuseTrtransfer of er^erev from the chemical group or the absorbent atom of the resin 
"ds its sensitive part T^e effectiveness of this* transfer is dependent upon the distance 

'''Ac?o"rd?ngly, ufs'^oSe^o use to advantage the narrow distance b^"^*? '^^,e'u^ed1"e' 
arouo rnd the sensitive group in case where the above mentioned complex salts are used. i.e. 
X^pvoxShV^^eXsu\phur atom of the thiirane ring and the element M ofthe l^wis 
ndZ AccoXgly. this elemen^t is selected according ^-photon abso^ion^^^ 
60 The following table shows the absorption coeffiaents in cm for tive elements M in live w 
cases of use characterised by the emission of ditferent atomic lines. 
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X 

Element 


8.34 A 

line K„i 2 of Al 


13.3 A 
line L„,.2 


of Cu 


23.6 A 
line Ka of O 




5 


Fe 
Sn 
Sb 
Bi 
As 


27071 
24350 
23522 
26580 
30942 


84173 
70344 
63625 
62137 
14359 




31504 

168788 

22870 

123689 

50453 


5 


10 


X 

Element 


44.7 A 
line K« of C 




72.2 A 

line M£ of Nb 


10 


15 


Fe 
Sn 
Sb 
Bi 
As 


104724 

46287 

44167 

92918 

159867 




221496 

47932 

44181 

32019 

268336 
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A process for using the compounds and examples of application: 

The compoxinds according lo the invention are referred to hereinafter by the name ot 
**thiirane resLn*'. , r n • 

Two principal uses of the thiirane resins are described m the following. 

The first use is in the production of masks "in situ** during the manufacture of electronic 
components, these masks being intended for electronic masking purposes. The technicjue in 
question is the technique of microlithography used in particular for the production of 

integrated circuits. . . , . • •*u 

The second use is in the treatment of various objects with a view to coating them with a 
protective layer; this is the case with sheaths of electrical cables and articles of cabinet work. 

In both cases, the first step is to prepare a solution of thiirane resin in a solvent, such as 
2-butanone. . . . 

In the first case, the solution is applied to a substrate or to a wafer containing one or more 
integrated circuits in the course of formation using, for example, a centrifugal apparatus. A 
layer varying in thickness from 200 to 500 nanometers for example is obtamed, dependmg 
upon the rotational speed of the substrate or wafer. ^. . . . 

Irradiation is then carried out by, for example, using a source of ionising radiation or actinic 
(visible or ultraviolet) light, such as a deuterium lamp, a mercury vapour lamp, a xenon lamp, 
a carbon arc lamp, a tungsten filament lamp or a laser, such as a laser contaming organic 
molecules (for example an organic scintillator or dye). 

In the second case, the procedure adopted may be the same as in the first case or may 
comprise dip coating or spray coating. The layer is generally thicker where these last two 
techniques are used, which is preferable for obtaining effective protection. 

In this latter case, irradiation must be carried out in depth, so that it is of advantage to use a 
penetrating radiation, such as soft X-rays. To this end, it is possible to use either a synchrotron 
or an apparatus comprising an electron gun and an anticathode selected according to the 
desired wavelength: rhodium (tine at 4.6 Angstroms), molybdenum (hne at 5.41 Ang- 
stroms), aluminium (line at 8.34 Angstroms), copper (line at 13.3 Angstroms), carbon (hne 
at 44.7 Angstroms). Finally , it is possible to use the gamma rays produced by a conventional 
cesium- or cobalt-based source. 
First example: , , . j -^u • 

This example concerns the photocrosslinking of a thiirane resm used on its own with a view 
to its application i n micrclithoRraphy.. , . /. 

1 5 g of a copolymer of 2,3-epithiopropyl methacr>'late and methyl methacrylatc (m a ratio 
of 1 : 1) in moles are dissolved in 2-butanone to obtain a 10% solution. 

A substrate of oxidised silicon ( 500 to 100 A ngstroms of silica) is then coated by centnfug- 
ing with this resin. ' « ^ , . , 

The substrate thus treated is then subjected to the flux of a high pressure mercury vapour 
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60 



crosslinking of the thickness of the layer of resm. . 

Development is carried out by spraying on a mixture of 2-butanone and ethanol m a ratio ol 
5 : 1 .8 for a period of 30 seconds, followed by the spraying of isopropanol over a substantially 
identical period. 



65 
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Second example: . . 

This example is also concerned with applications m microhthography :^On this occasion, 
however, the resin used is mixed with a photoinitiatorwtucn, under irradiation, releases 
Lewis acids which initiate the crosslinking process. vr xt *u i * 

5 The photoinitiator used is a complex aryl diazonium salt, namely p-diazo-N, N-diethyl 5 
aniline ihexafluoro antimonate, which has an absorption in ultraviolet light at 375 rjm. This 
salt is obtained by precipitation from an aqueous solution of p-diazo-N. N-diethyl aniline 
fluoborate to which sodium hexafluoro antimonate is added. 

An aqueous solution of freshly prepared Na Sb Fe containing 3.14 g of this compound in 
10 2 5ccoftwice-distilled waterisaddedto3.91 gof theabove-mentionedfluoborate(i.c. l.Zl 10 
X 10"^ mole) dissolved in 90 cc of twice-distUled water. The precipitate is collected by 
filtration and then dried in vacuo. The yield obtained amounts to 55.4%. 

In the absence of any actinic radiation, 0.0375 g of the photoinitiator thus obtained are 
dissolved in a solution of thiirane resin simUar to that of the first example. The quantit>' of 
15 photoinitiator used is calculated to obtain a proportion of 5%by weight, based on the weight 15 

if substrate of oxidised silicon coated with resin under the same conditions as in the fust 
example, is irradiated in the same way, but for a different time, to obtain 70% crosshnlcing of 
the thickness of the layer of resin. 
20 Third example: • j . *.u 

This example is similar to the first example, except that uradiatjon is earned out with soft 

^Te of copolymer of 2,3-epithiopropyl methacrylate and methyl methacrvlate fin a ratio of 
1 • 2) are dissolved in 22.3 cc of 2-butanone to form a solution contaming 10% of solute. The 

25 deposition of this resin by centrifuging (at 8000 rpm) onto a substrate of oxidised silicon 25 
enables a layer of resi n 5200 A ngstroms thick to be obtained. ^ 

The X irradiation is obtained by the electron bombardment of an anticathode of aluminuim 
with a 300 \V gun (intensity 50 milliampcrcs for an accelerating voltage of 6 kV). The 
emission observed is that of the K« , -z line of aluminium, i.e. a wavelength of 8 . j4 Angstroms. 

30 The flux X after filtration through a 2 micrometer thick aluminium foil (intended to eliminate 30 
the lowest-energv component of the decelerating radiation) is evaluated at 398.5 microwatts 
per cm^ The irradiation time is 1 minute 45 seconds correspondmg to an absorbed dose of 80 
J/cc for crosslinking 70%of the coated thickness after development by the same mixture as in 
the first example and under the same condition. 

35 Fourth example: , . ^. . . . j . '*u 

This example is similar lo the second example except that irradiation is earned out with soft 

■ ^ A^or ution of thiirane resin (copolymer of 2, 3-epthhiopropyl methacrylate and methyl 
methacrylate) is prepared under the same conditions as in the third example. The photo- 
40 initiator of the second example is added to the solution in such a quantity that a proportion of 40 
5%, based on the weight of the resin, is obtained. _ - .u- ^ i -ru 

The X-irradiation is carried out under the same conditions as in the third example, ihe 
irradiation time is adjusted by trial and error lo obtain the 70% crosslinking of the thickness 
of the layer of resin. . - 

45 WHAT WE CLAIM IS: . . , i * 

1 . Compounds crosslinkable by photon irradiation compnsing at least one copolymer of 
which the chemical formula comprises a thiirane ring: 
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wherein said polymer contains at least one monomer formed by a 2,3-eptithiopropyl acrylat^ 
or alkylacrylate corresponding to the formula 

65 
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CH - CHo 



wherein R is selected from an alkyl group of 1 to 4 carbon atoms and hydrogen. 
10 2. The compounds claimed in claim L wherein said copolymer additionally contains a 10 
vinyl monomer corresponding to the formula 



15 



20 



25 



R' 
I 

C 
I 

c 

I 

0 



R" 



in which is either a radical H or an alkyl group Cn Hsn* i, where n is an integer from 1 to 1 0, 
and R" represents an alkyl group containing from 1 to 5 carbon atoms. 

3. The compounds claimed in claim 1, wherein said compound additionally contains an 
aryl diazonium salt corresponding to the general formula: 



15 



20 



25 



30 



(1) 



in which a and b are integers from 1 to 5 and A is a radical or a plurality of radicals belonging 
to the following roup: 



30 



35 



OH 



- CHO ; - NO2 : - OCHgi-^Sy-NOg ; -(£^^3 
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M represents an element belonging to the following group: 
Fe, Sn, Sb, Bi, B, As; 
and X represents a halogen atom. 

4. The compounds claimed in claim 1, wherein said compound additionally contains an 
aryl iodonium salt corresponding to the general formula 



U X, 



b+1 



(2) 
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in which n is 0 or 1; , < « ^ nn 

- Ti and T2 represent aromatic radicals, which may be identical, containing from 4 to j.u 

carbon atoms, 

- Y represents a radical of the following group: 



I 



O-^C = O ; O = S 



O; R3 - N ; 



where Rj is a hydrogen atom or an alkyl or acyl radical or a C-C bond; 
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Ri - C - R2 where Rj and R2 represent radicals which may be identical, such as H or a 65 
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C|-4-alkyl radical or a Cj-^-alkenyl radical; 

- M represents one of the following elements: 
Fe, Sh, Sb, Bi, B, P, As; 

- X represents a halogen atom 

5 - b is an integer from 1 to 5. ^ ^ . „ ^ 

5. The compounds claimed in claim 1, wherein said compound additionally contains a 

dye. 

6. The compounds claimed in claim 5, wherein said dye belongs to the following group: 
coumarins, xanthenes, acridincs, thiopyronines, safranines, thiazines, oxazmcs, cyamnes, 

10 polycyclic aromatic hydrocarbons and compounds containing at least one para-substituted 10 

aminostyryl group. .... . v i i * 

7. The compounds claimed in claim 2, wherem said vmyl monomer is ethyl methacrylate. 

8 The compounds claimed in claim 2, wherein said vinyl monomer is butyl methacrylate, 

9 The compounds claimed in claim 2, wherein said vinyl monomer is ethyl acrylate. 
15 lb. A process for using a compound of the type defined in claim 1 with a view to forming a 

mask intended for the production of electronic components, which comprises at least the 
following steps: . p i + 

a) dissolving said compound m a predetermined quantity ot solvent, 

b) applying the liquid thus obtained in the form of a thin layer to a predetermined part of 

20 a substrate of an electronic component; 20 

c) irradiating predetermined portions of said substrate. 
11. A process as claimed in claim 10, wherein: 

- the solvent used in step (a) is 2-butanone; 

- step (b) is carried out by centrifuging; . . . 
25 - step (c) is carried out with actinic light or with ionising radiation. 

12 Aprocessforusingacompoundof thetypedefinedinclaim 1 with a view to forming a 
layer'protecting an industrial object against atmospheric agents, which comprises at least the 
following steps: ^ . . . , , 

a) dissolving said compound in. a predetermined quantity of solvent; 
30 b) applying the liquid thus obtained in the form of a thin layer to be object to be protected 30 
by dip coating or spray coating; 

c) subjecting said thin layer to photon irradiation. . . ^ 

13 A process as claimed in claim 12, wherein said irradiation is carried out with soft 

35 X-rays or gamma rays. „^seLTINE, LAKE AND CO. 35 
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